1. Introduction {#sec0001}
===============

Studying epidemics is one of the most critical and fundamental investigations, especially after discovering many new diseases caused by distinct types of viruses, such as Marburg [@bib0001], Ebola [@bib0002], Rabies [@bib0003], Smallpox [@bib0004], Hanta [@bib0005], Influenza [@bib0006], Dengue [@bib0007], Rota [@bib0008], SARS [@bib0009], SARS-2 [@bib0010], MERS [@bib0011], Corona [@bib0012], \... etc. Nowadays, the world faces a disaster because of a new virus called COVID-19 [@bib0013]. SARS-CoV-2 is the main reason for this new virus (COVID-19) [@bib0014]. People with chronic diseases, such as diabetes and pneumonia, especially the elderly, are most vulnerable to the complications of this virus. Work in the area of infectious diseases has been of much interest after COVID-19 from different sides, including vaccines production [@bib0015], statistics [@bib0016], modeling and control [@bib0013], and, social behaviors that affect the spread and infection of the viruses [@bib0017].

Long time ago, differential equations were used for simulation and modeling of several phenomena from life and science. The differential equations were a very powerful tool in simulation of the applications in electrical engineering, plasma physics, quantum optics, and nonlinear systems [@bib0018], [@bib0019], [@bib0020], [@bib0021], [@bib0022], [@bib0023]. Moreover, mathematical biology is one of the hottest topics that involve several phenomena treated by differential equations [@bib0024]. Population dynamics is one of the oldest subjects simulated by the differential equations in the early 15th century [@bib0025]. Differential equations have good contributions in the simulation and modeling of the epidemic diseases, with finding new controlling parameters of the transmission and spread of the viruses [@bib0016], [@bib0026], [@bib0027].

HIV is a virus that attacks the immune system of the human. Untreated HIV breaks and kills CD4 cells, which are a type of immune cell called T cells. Over time, as HIV kills more CD4 cells, the body is more likely to get various types of infections and cancers. In this study, we investigate another virus called HIV-1 [@bib0028], [@bib0029], which is the most serious one. Based on Dr. Amesh Adalja, [@bib0030] statistical study, thirty-four million people have died of the HIV-1 since the disease was first discovered in the 1980s. However, the powerful antiviral drugs have made it possible to live with HIV for some years. Despite discovering the powerful antiviral drugs, several countries with low-and middle-income are still suffering from HIV, where 95% of new HIV infections occur. Almost more than two-thirds of the people suffering from HIV worldwide live in Africa, where nearly one in every twenty-five adults in Africa has a positive HIV. All these reasons have forced many researchers in bio-mathematics to form a mathematical model of this virus to study the exact and numerical solutions which present a clear image about dynamical behavior [@bib0031], [@bib0032]. Modeling and simulation of HIV with CD4 Cells by differential equations are reported in many papers [@bib0028], [@bib0029]. Guedj et al. studied the practical parameters that affect the transmission and spread of the HIV, with T-cells, in a model of HIV dynamics based on a system of non-linear Ordinary Differential Equations (ODE) [@bib0033]. Global behavior of delay differential equations model of HIV infection with apoptosis was investigated [@bib0034], [@bib0035]. Other papers addressed the control and stability analysis of the spread and transmission of HIV virus [@bib0029], [@bib0036].

In this paper, we investigate the analytical solutions of a bio-mathematical model and use these solutions to evaluate the numerical solutions. This system is given by [@bib0037], [@bib0038] $$\begin{array}{r}
\left\{ \begin{array}{l}
{\mathcal{D}_{\mathfrak{Z}}^{\mathfrak{E}}\,\mathcal{G} = \mathfrak{P}_{1} - \mathfrak{P}_{2}\,\mathcal{G} - \mathfrak{P}_{3}\,\mathcal{G}\,\mathcal{Q},} \\
{\mathcal{D}_{\mathfrak{Z}}^{\mathfrak{E}}\,\mathcal{S} = \mathfrak{P}_{3}\,\mathcal{G}\,\mathcal{Q} - \mathfrak{P}_{4}\,\mathcal{S},} \\
{\mathcal{D}_{\mathfrak{Z}}^{\mathfrak{E}}\,\mathcal{Q} = \mathfrak{P}_{5}\,\mathcal{S} - \mathfrak{P}_{6}\,\mathcal{Q},} \\
\end{array} \right. \\
\end{array}$$where $0 < \mathfrak{E} < 1,\,\mathcal{G} = \mathcal{G}\left( \mathfrak{Z} \right),\,\mathcal{Q} = \mathcal{Q}\left( \mathfrak{Z} \right),\,\mathcal{S} = \mathcal{S}\left( \mathfrak{Z} \right)$ and $\mathfrak{P}_{i},\,\left( i = 1,\ldots,6 \right)$ are arbitrary constants which represent the rate of production of CD4${}^{+}$ T--cells, the rate of natural death rate, infected CD4${}^{+}$ cells from uninfected CD4${}^{+}$ cells, virus producing cell's death, creation of virions viruses by infected cells, and virus particle death. Moreover, system [(1)](#eq0001){ref-type="disp-formula"} includes some primary biological models such as The HIV-1 two / three / four / general-component models including virions [@bib0039], [@bib0040]. The human immunodeficiency virus causes acquired immunodeficiency syndrome (AIDS) as well as infects, damages, and reduces CD4${}^{+}$ T-cells. The body gradually gets more sensitive to infections and loses its safety. AIDS is one of the most serious diseases at the present.

This fractional ODE model of HIV-1 studies the non-local property that depends on both historical and current states of the problem in the contract of the classical calculus. For converting the fractional form of the models to integer form, various fractional operators, such as conformable fractional derivative, fractional Riemann-Liouville derivatives, Caputo, Caputo-Fabrizio definition, and Atangana-Baleanu (AB) fractional operator have been derived [@bib0041], [@bib0042]. Applying the following transformation with AB fractional operator [@bib0043] $$\mathfrak{Z} = \frac{\mathfrak{F}\,\left( 1 - \mathfrak{E} \right)\,\mathfrak{T}^{- \,\mathfrak{E}\, m}}{\mathcal{B}\left( \mathfrak{E} \right)\sum_{m = 0}^{\infty}\left( - \frac{\mathfrak{E}}{1 - \mathfrak{E}} \right){}^{m}\Gamma\left( 1 - \mathfrak{E}\, m \right)},$$to the above system [1](#eq0001){ref-type="disp-formula"}, where $\mathfrak{F}$ is an arbitrary constants, yields$$\begin{array}{r}
\left\{ \begin{array}{l}
{\mathfrak{F}\,\mathcal{G}^{\prime} = \mathfrak{P}_{1} - \mathfrak{P}_{2}\,\mathcal{G} - \mathfrak{P}_{3}\,\mathcal{G}\,\mathcal{Q},} \\
{\mathfrak{F}\,\mathcal{S}^{\prime} = \mathfrak{P}_{3}\,\mathcal{G}\,\mathcal{Q} - \mathfrak{P}_{4}\,\mathcal{S},} \\
{\mathfrak{F}\,\mathcal{Q}^{\prime} = \mathfrak{P}_{5}\,\mathcal{S} - \mathfrak{P}_{6}\,\mathcal{Q},} \\
\end{array} \right. \\
\end{array}$$

Substituting third and the second equation of the system [3](#eq0003){ref-type="disp-formula"} into the first equation of the same equation yields,$$\begin{array}{ccl}
 & & {\mathfrak{F}^{2}\left( \mathfrak{F}\mathcal{Q}\,\mathcal{Q}^{(3)}\, - \mathfrak{F}\mathcal{Q}^{\prime}\,\mathcal{Q}^{''}\, + \mathfrak{P}_{4}\left( \mathcal{Q}\,\mathcal{Q}^{''}\, - \mathcal{Q}^{\prime}\,^{2} \right) + \mathfrak{P}_{6}\left( \mathcal{Q}\mathcal{Q}^{''} - \mathcal{Q}^{\prime}\,^{2} \right) \right)} \\
 & & {\quad + \,\mathfrak{P}_{3}\mathcal{Q}\,^{2}\left( \mathfrak{P}_{4}\left( \mathfrak{F}\mathcal{Q}^{\prime}\, + \mathfrak{P}_{6}\mathcal{Q} \right) + \mathfrak{F}( \right.\mathfrak{F}\mathcal{Q}^{''}} \\
 & & {\quad + \,\mathfrak{P}_{6}\mathcal{Q}^{\prime}{))} + \mathfrak{P}_{2}\mathcal{Q}\left( \mathfrak{P}_{4}\left( \mathfrak{F}\mathcal{Q}^{\prime}\, + \mathfrak{P}_{6}\mathcal{Q} \right) + \mathfrak{F}\left( \mathfrak{F}\mathcal{Q}^{''} + \mathfrak{P}_{6}\mathcal{Q}^{\prime} \right) \right)} \\
 & & {\quad - \,\mathfrak{P}_{1}\mathfrak{P}_{3}\mathfrak{P}_{5}\mathcal{Q}\,^{2} = 0.} \\
\end{array}$$

By fixing the value of death rate of the virus to equal zero, [Eq. 4](#eq0004){ref-type="disp-formula"} transforms to be in the following formula$$\begin{array}{ccl}
 & & {\mathfrak{P}_{3}\mathcal{Q}\,^{2}\left( \mathfrak{F}^{2}\mathcal{Q}^{''}\, + \mathfrak{F}\mathfrak{P}_{4}\mathcal{Q}^{\prime} \right) + \mathfrak{P}_{2}\mathcal{Q}\,\left( \mathfrak{F}^{2}\mathcal{V}^{''}\, + c\mathfrak{P}_{4}\mathcal{Q}^{\prime} \right)} \\
 & & {\quad + \, c^{2}\left( \mathfrak{F}\mathcal{Q}\,\mathcal{Q}^{(3)}\, - \mathfrak{F}\mathcal{Q}^{\prime}\,\mathcal{V}^{''}\, + \mathfrak{P}_{4}\left( \mathcal{V}\,\mathcal{V}^{''}\, - \mathcal{V}^{\prime}\,^{2} \right) \right) - \mathfrak{P}_{1}\mathfrak{P}_{3}\mathfrak{P}_{5}\mathcal{Q}\,^{2} = 0.} \\
\end{array}$$

This study investigates the accuracy of the obtained analytical solutions of the fractional model of the human immunodeficiency virus (HIV-1) infection for CD4${}^{+}$ T-cells. This model has been frequently investigated to discover more novel properties of it [@bib0044], [@bib0045], [@bib0046], [@bib0047]. However, it is the first time to check the accuracy of these studies via taking their obtained analytical solutions, then evaluating the numerical solutions of the model, and calculating the absolute value of error between the analytical and numerical solutions. The future works will be based on the same idea of all previous obtained solutions of the investigated model to show the most accurate solution of this model and to use it in the models of medical applications [@bib0047], [@bib0048], [@bib0049].

The other sections of this paper are organized, as follows: [Section 2](#sec0002){ref-type="sec"} applies the septic B-spline scheme [@bib0032], [@bib0050] based on the obtained analytical solutions via the modified Khater, extended simplest equation, and sech-tanh expansion methods to the fractional ODE model of the HIV-1 infection of CD4${}^{+}$ T--cells to study the numerical solutions via various explicit solutions. Moreover, some sketches of the exact and numerical solutions of the system are presented to illustrate the accuracy of our obtained solutions. [Section 4](#sec0007){ref-type="sec"} is devoted to conclusion.

2. Application {#sec0002}
==============

This section applies the septic B-spline scheme to [Eq. 5](#eq0005){ref-type="disp-formula"} to get the numerical solutions of the fractional model of the human immunodeficiency virus (HIV)-1 infection of CD4${}^{+}$ T--cells. This scheme gives the solution of [Eq. 5](#eq0005){ref-type="disp-formula"} in the following formula$$\mathcal{Q}\left( \mathfrak{Z} \right) = \sum\limits_{\mathfrak{Z} = - 1}^{\mathfrak{L} + 1}\mathfrak{C}_{\mathfrak{L}}\,\mathcal{E}_{\mathfrak{L}},$$where $c_{\mathfrak{L}},\,\mathcal{E}_{\mathfrak{L}}$ follow the next conditions, respectively:$$\mathfrak{L}\,\mathfrak{B}\left( \mathfrak{Z} \right) = \mathcal{F}\left( \mathfrak{F}_{\mathfrak{L}},\mathfrak{B}\left( \mathfrak{Z}_{\mathfrak{L}} \right) \right)\,\,\text{where}\,\,\left( \mathfrak{L} = 0,1,\ldots,\mathfrak{N} \right)$$and$$\mathcal{E}_{\mathfrak{L}}\left( \mathfrak{Z} \right) = \frac{1}{\mathfrak{R}^{5}}\left\{ \begin{matrix}
{\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 4} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} - 4},\mathfrak{Z}_{\mathfrak{L} - 3} \right\rbrack,} \\
{\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 4} \right){}^{7} - 8\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 3} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} - 3},\mathfrak{Z}_{\mathfrak{L} - 2} \right\rbrack,} \\
{\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 4} \right){}^{7} - 8\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 3} \right){}^{7} + 28\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 2} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} - 2},\mathfrak{Z}_{\mathfrak{L} - 1} \right\rbrack,} \\
{\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 4} \right){}^{7} - 8\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 3} \right){}^{7} + 28\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 2} \right){}^{7} + 56\left( \mathfrak{Z} - \mathfrak{Z}_{\mathfrak{L} - 1} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} - 1},\mathfrak{Z}_{\mathfrak{L}} \right\rbrack,} \\
{\left( \mathfrak{Z}_{\mathfrak{L} + 4} - \mathfrak{Z} \right){}^{7} - 8\left( \mathfrak{Z}_{\mathfrak{L} + 3} - \mathfrak{Z} \right){}^{7} + 28\left( \mathfrak{Z}_{\mathfrak{L} + 2} - \mathfrak{Z} \right){}^{7} + 56\left( \mathfrak{Z}_{\mathfrak{L} + 1} - \mathfrak{Z} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L}},\mathfrak{Z}_{\mathfrak{Z} + 1} \right\rbrack,} \\
{\left( \mathfrak{Z}_{\mathfrak{L} + 4} - \mathfrak{Z} \right){}^{7} - 8\left( \mathfrak{Z}_{\mathfrak{L} + 3} - \mathfrak{Z} \right){}^{7} + 28\left( \mathfrak{Z}_{\mathfrak{L} + 2} - \mathfrak{Z} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} + 1},\mathfrak{Z}_{\mathfrak{L} + 2} \right\rbrack,} \\
{\left( \mathfrak{Z}_{\mathfrak{L} + 4} - \mathfrak{Z} \right){}^{7} - 8\left( \mathfrak{Z}_{\mathfrak{L} + 3} - \mathfrak{Z} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} + 2},\mathfrak{Z}_{\mathfrak{L} + 3} \right\rbrack,} \\
{\left( \mathfrak{Z}_{\mathfrak{L} + 4} - \mathfrak{Z} \right){}^{7},} & {\mathfrak{Z} \in \left\lbrack \mathfrak{Z}_{\mathfrak{L} + 3},\mathfrak{Z}_{\mathfrak{L} + 4} \right\rbrack,} \\
{0,} & \text{otherwise.} \\
\end{matrix} \right.$$

For $\mathfrak{L} \in \left\lbrack - 3,\mathfrak{N} + 3 \right\rbrack,$ we get$$\begin{array}{ccl}
 & & {\mathfrak{B}_{\mathfrak{L}}\left( \mathfrak{Z} \right) = \mathfrak{C}_{\mathfrak{Z} - 3} + 120\,\mathfrak{C}_{\mathfrak{Z} - 2} + 1191\,\mathfrak{C}_{\mathfrak{Z} - 1} + 2416\,\mathfrak{C}_{\mathfrak{Z}} + 1191\,\mathfrak{C}_{\mathfrak{Z} + 1}} \\
 & & {\quad + \, 120\,\mathfrak{C}_{\mathfrak{Z} + 2} + \mathfrak{C}_{\mathfrak{Z} + 3}.} \\
\end{array}$$

2.1. Modified khater method {#sec0003}
---------------------------

The computational obtained solution of [Eq. 5](#eq0005){ref-type="disp-formula"} in [@bib0051] via the modified Khater method is given by$$\mathcal{Q}\left( \mathfrak{Z} \right) = \frac{\sqrt{4\delta\varrho - \chi^{2}}\sqrt{\mathfrak{P}_{3}^{2}\left( \mathfrak{P}_{4} - \mathfrak{P}_{6} \right){}^{2}\left( \chi^{2} - 4\delta\varrho \right){}^{2}} + i\,\mathfrak{P}_{3}\left( \mathfrak{P}_{4} - \mathfrak{P}_{6} \right)\left( \chi^{2} - 4\delta\varrho \right){}^{3/2}\tanh\left( \frac{1}{2}\mathfrak{Z}\sqrt{\chi^{2} - 4\delta\varrho} \right)}{\mathfrak{P}_{3}^{2}\left( 4\delta\varrho - \chi^{2} \right){}^{3/2}},$$where $4\delta\varrho - \chi^{2} < 0.$ Substituting [Eq. 9](#eq0009){ref-type="disp-formula"} with the exact solutions [10](#eq0010){ref-type="disp-formula"} into [Eq. 5](#eq0005){ref-type="disp-formula"} gives $\left( \mathfrak{L} + 7 \right)$ of equations. Resolving this system leads to the following values shown in [Table 1](#tbl0001){ref-type="table"} .Table 1Exact, numerical, and absolute value of error of [Eq. 5](#eq0005){ref-type="disp-formula"} with different values of $\mathfrak{Z}$ according to the obtained solutions via the modified Khater method and septic B-spline scheme.Table 1Value of $\mathfrak{Z}$ExactNumericalAbsolute error0-6-6.000001241.2398E-060.0001-5.9997-5.999700646.398E-070.0002-5.9994-5.999400043.98E-080.0003-5.9991-5.999099445.602E-070.0004-5.9988-5.998798841.1602E-060.0005-5.9985-5.998498241.7602E-060.0006-5.9982-5.998197642.3602E-060.0007-5.9979-5.997897042.9602E-060.0008-5.9976-5.997596443.5602E-060.0009-5.9973-5.997295844.1602E-060.001-5.997-5.996995244.7602E-06

2.2. Extended simplest equation method {#sec0004}
--------------------------------------

The computational obtained solution of [Eq. 5](#eq0005){ref-type="disp-formula"} in [@bib0051] via the extended simplest equation method is given by$$\mathcal{Q}\left( \mathfrak{Z} \right) = a_{0} - \frac{a_{- 1}\sqrt{- \alpha\mu}\tanh\left( \mathfrak{Z}\sqrt{- \alpha\mu} + \frac{\log\left( \vartheta \right)}{2} \right)}{\alpha},$$where *αμ* \< 0. Substituting [Eq. 9](#eq0009){ref-type="disp-formula"} with the exact solutions [11](#eq0011){ref-type="disp-formula"} into [Eq. 5](#eq0005){ref-type="disp-formula"} gives $\left( \mathfrak{L} + 7 \right)$ of equations. Resolving this system leads to the following values shown in [Table 2](#tbl0002){ref-type="table"} .Table 2Exact, numerical, and absolute value of error of [Eq. 5](#eq0005){ref-type="disp-formula"} with different values of $\mathfrak{Z}$ according to the obtained solutions via the extended simplest equation method and septic B-spline scheme.Table 2Value of $\mathfrak{Z}$ExactNumericalAbsolute error033.0000000011.2456E-090.00012.99982.9999000010.0001000010.00022.99962.9998000010.0002000010.00032.99942.9997000010.0003000010.00042.99922.9996000010.0004000010.00052.9992.9995000010.0005000010.00062.9988000012.9994000010.0006000010.00072.9986000012.9993000010.00070.00082.9984000012.9992000010.00080.00092.9982000022.9991000010.00090.0012.9980000032.9990000020.000999999

2.3. Sech-Tanh expansion method {#sec0005}
-------------------------------

The computational obtained solution of [Eq. 5](#eq0005){ref-type="disp-formula"} in [@bib0051] via the sech-tanh expansion method is given by$$\mathcal{Q}\left( \mathfrak{Z} \right) = a_{0} + b_{1}\tanh\left( \mathfrak{Z} \right).$$Substituting [Eq. 9](#eq0009){ref-type="disp-formula"} with the exact solutions [12](#eq0012){ref-type="disp-formula"} into [Eq. 5](#eq0005){ref-type="disp-formula"} gives $\left( \mathfrak{L} + 7 \right)$ of equations. Resolving this system leads to the following values shown in [Table 3](#tbl0003){ref-type="table"} .Table 3Exact, numerical, and absolute value of error of [Eq. 5](#eq0005){ref-type="disp-formula"} with different values of $\mathfrak{Z}$ according to the obtained solutions via sech-tanh expansion method and septic B-spline scheme.Table 3Value of $\mathfrak{Z}$ExactNumericalAbsolute error022.0002150.0002150.00012.00042.0006128460.0002128470.00022.00082.0010106930.0002106930.00032.00122.0014085390.000208540.00042.00162.0018063860.0002063860.00052.0022.0022042320.0002042330.00062.00242.0026020790.0002020790.00072.00282.0029999250.0001999260.00082.0031999992.0033977710.0001977720.00092.0035999992.0037956180.0001956190.0012.0039999992.0041934640.000193465

3. Results and discussion {#sec0006}
=========================

This section explains and discusses more about our obtained numerical solutions of the fractional form of the HIV-1 infection of CD4${}^{+}$ T-cells via the septic-B-spline scheme.•Solving the biological model (the HIV-1 infection of CD4${}^{+}$ T-cells fractional mathematical model with the effect of antiviral drug therapy) gives more explanations of the dynamical behavior of viruses.•Solving the bio-mathematical model by applying three analytical schemes (the modified Khater method, the extended simplest equation method, the sech-tanh expansion method) gives more distinct types of solutions.•Using the obtained analytical solutions to calculate the boundary and initial conditions then applying the septic-B-spline to the fractional equation with the evaluated conditions.•The accuracy of obtained solutions is illustrated by calculating the absolute value of error between exact and numerical solutions.•Comparison of the effectiveness of the adopted analytical schemes is shown in [Fig. 4](#fig0004){ref-type="fig"} . It shows that the modified Khater-method is more accurate than the extended simplest equation method and the sech-tanh expansion method.Fig. 1Exact and numerical solutions of [Eq. 5](#eq0005){ref-type="disp-formula"} according to the obtained solution via the modified Khater method and septic-B-spline scheme.Fig. 1Fig. 2Exact and numerical solutions of [Eq. 5](#eq0005){ref-type="disp-formula"} according to the obtained solution via the extended simplest equation method and septic-B-spline scheme.Fig. 2Fig. 3Exact and numerical solutions of [Eq. 5](#eq0005){ref-type="disp-formula"} according to the obtained solution via the sech-tanh expansion method and septic-B-spline scheme.Fig. 3Fig. 4Absolute error between exact and numerical solutions of [Eq. 5](#eq0005){ref-type="disp-formula"} according to the obtained solution via the modified Khater method, the extended simplest equation method, and the sech-tanh expansion method via the septic-B-spline numerical scheme.Fig. 4•The septic B-spline is the only member of the B-spline family that can be applied to this kind of equation with the higher order derivative terms.

4. Conclusion {#sec0007}
=============

This paper has successfully applied the septic-B-spline scheme to the HIV-1 infection of CD4${}^{+}$ T--cells fractional mathematical model with the effect of antiviral drug therapy. This numerical investigation has been based on three analytical applied schemes (the modified Khater method, the extended simplest equation method, and the sech-tanh expansion method) to evaluate the boundary and initial conditions. Also, the accuracy of the obtained numerical solutions has been illustrated and showed the power of the modified Khater method over the other two analytical used schemes. The obtained solutions show that the used technique can be applied to various forms of nonlinear partial differential equations. Performance of the suggested technique reveals that these methods are appropriate for applying to different formulas of nonlinear partial differential equations.
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